Residual soil slope failure due to rainfall infiltration is one of geotechnical hazards receiving much attention in many tropical climate countries. The infiltrating water eliminates matric suction in the residual soil slope and results in slope failure. A capillary barrier is used to prevent excessive rainfall infiltration and preserve matric suction in the residual soil slope and hence prevent rainfall-induced slope failure. A numerical study to examine the performance of a transport layer in a two-layered slope using capillary barrier principle was presented in this paper. Material properties of tropical residual soils consisting of Grade V (silty gravel) and Grade VI (sandy silt) were used and modelled a two-layered slope. These material properties were obtained from representative soil sample of Balai Cerapan slope in Universiti Teknologi Malaysia, Johor Bahru campus. A granite chips (Gravel) was also incorporated to act as a transport layer in the numerical model. The simulated slope model was then subjected to three different rainfall intensities of 9 mm/h (rainfall 1), 22 mm/h (rainfall 2) and 36 mm/h (Rainfall 3) representing short, medium and high intensity rainfalls, respectively. A total of six numerical schemes were performed by restricting the thickness of the transport layer to 0.1 m. However, to assess the effect of the transport layer thickness on suction distribution; the thickness was increased to 0.2 m. The results of the study show that inclusion of gravelly transport layer enables the top layer of fine sandy silt residual soil to retain the infiltrating water as a result of capillary break developed at the interface and also divert it above the interface towards the direction of the toe of the slope. Similarly the transport layer is found to be effective in preventing water breakthrough occurrence into the underlying coarser soil layer of the twolayered slope, especially when the thickness of the transport layer is optimum.
1.0 INTRODUCTION
Rainfall-induced slope failure is one of the most common and frequent natural disasters that occur frequently in tropical areas covered by residual soils and experienced periods of intense or prolong rainfall events [1] [2] [3] [4] . Therefore, infiltration of rainwater into initially unsaturated residual soil is conceived as the most significant triggering factor to slope instability in tropical climate countries of the world [5] [6] [7] [8] [9] [10] . This type of failure normally occurs above the ground water table with the orientation of the slip failure parallel to the slope surface, especially in areas where a residual or colluvial soil profile has formed over a bedrock interface [11, 12] Rainfall-induced slope failure may occur as shallow or deepseated slope failures. In general a high intensity and short duration rainfall usually triggers shallow slope failures, while a moderate intensity and long duration rainfall is responsible for deep-seated slope failure [13] [14] [15] [16] .
The water table in unsaturated residual soil slope is relatively deep. The matric suction above the water table provide additional shear strength to the unsaturated residual soil slope. However, the moisture content of the unsaturated residual soils increases as a result of rainfall infiltration into the unsaturated zone of the soil slope resulting in decreasing the negative pore-water pressure (matric suction) and subsequently the additional shear strength which is provided by the matric suction and trigger slope failure [2, 5, [17] [18] [19] [20] .
Despite the tremendous effort employed to curtail the menace of rainfall-induced slope failure, it is still a reoccurring natural hazard in many countries almost every year and usually resulted in loss of lives and causes considerable property damages. For instance, Hulu Kelang area in Malaysia is known to be a landslide-prone area. From 1993 to 2011 a total of 21 landslides which were triggered by rainfall were recorded in this area. These landslides resulted in death of more than 65 people and a considerable economical loss of more than RM245 million [21] . In 2004, Shikoku in Japan experienced many landslides which were triggered by typhoon rainfalls and faced huge losses of lives and properties. Similarly, Kagawa, the northeastern prefecture of Shikoku, was also hit by four typhoons in the same year which also resulted in landslides that causes loss of lives and properties [22] . During the 1951-1989 periods, Li and Wang [23] conservatively estimated more than 5000 death resulting in an average of more than 125 deaths annually and an annual economic loss of about $500 million as a result of different landslides in China. The 1982 landslide in San Francisco which was also triggered by rainfall infiltration killed 25 people and caused more than $66 million in damage [9] .
In recent years the use of capillary barrier principle is employed as a practical solution of preventing unsaturated residual soil slope against rainfall-induced slope failure [16, [24] [25] [26] [27] [28] . A capillary barrier is an earthen cover system consisting of fine-grained soil layer overlying a coarse-grained soil layer. The principle of capillary barrier relies on the properties of hydraulic conductivity as a function of pressure potential [29] . The contrast in particle sizes between the fine and coarse grained soil layers results in difference in hydraulic properties and permeability function) of the soil across the fine-coarse soil interface [30] . The infiltrated water into a capillary barrier system is stored in the fine-grained soil layer by capillary forces and is eventually remove by evaporation, evapotranspiration or by lateral drainage. However, when there is significant inflow into the system, the capillary forces ceases and the fine-grained layer can no longer retain the accumulated water which eventually results in significant inflow of water into the underlying coarse-grained layer, and the matric suction at the interface is called breakthrough suction. There are two ways of determining breakthrough suction as suggested by previous researchers: According to Parent and Cabral, [31] and Ross [29] ; breakthrough suction is the matric suction at which the hydraulic conductivity curves of the two soils intersect. While Stormont and Anderson [32] and Tami, et al. [27] suggested that breakthrough suction is the water entry value of the coarse-grained soil.
The use of capillary barrier as a soil cover for landfills and waste containment has been study extensively (e.g. Khire et al., [33] ; Morris and Stormont, [34, 35] ; Stormont, [36, 37] ). Similarly, the principle of capillary barrier has been extended to rainfall-induced slope failure to reduce the amount of rainfall infiltration into the unsaturated soil zone thereby maintaining the negative pore-water pressure and hence maintaining the additional shear strength provided by the matric suction and prevent or reduce the severity of rainfall-induced slope failure [25] [26] [27] [28] . Various combinations of different materials were suggested for capillary barrier construction for preventing rainfall infiltration. Krisdani et al. [38] constructed a capillary barrier in a 2-D infiltration box to study the effectiveness of using residual (cohesive) soil as fine-grained soil layer and gravelly sand as coarse-grain soil layer and found out that capillary barrier existed in the constructed model when residual soil was used as finegrained soil layer. Similarly, Krisdani et al. [39] investigated the use of geosynthetic material as coarse-grained layer using 1-D capillary barrier model and found that the geosynthetic material was more effective as coarse-grained layer than the common gravelly sand used, even though both material were able to create a capillary break which prevents breakthrough occurrence in a capillary barrier system. The use of capillary barrier for slope protection has been study extensively; for example, Tami, et al. [27, 28] developed a physical sloping capillary barrier model to study the mechanism and effectiveness of capillary barrier in slope protection. Rahardjo, et al. [26] constructed and instrumented a capillary barrier system on a slope that experienced a shallow failure and found that that a capillary barrier system can effectively minimize rainfall infiltration into a slope.
One of the challenges in the use of capillary barrier principle in rainfall-induced slope failure is the occurrence of breakthrough especially during wet period when the soil slope experienced minimum suction, and normally the amount of infiltration is greater than the storage capacity of the fine-grained soil during wet period; and hence the fine-grained soil layer approaches saturation and breakthrough into the coarse-grained layer can easily occur [34] . The occurrence of breakthrough renders the system ineffective. To minimize or reduce the possibility of a breakthrough occurrence, Morris and Stormont [35] and Stormont and Morris [40] proposed the use of an unsaturated drainage layer (transport layer); which is an additional layer of different soil material of high permeability constructed above the interface of fine-grained and coarse-grained soil layers so that the infiltrating water can flow within this layer due to the sloping surface. A transport system is found to be more effective with unsaturated drainage layer by preventing the development of positive pore water pressure in response to rainfall infiltration. This paper evaluate the performance of a transport layer placed in between the fine and coarse grained soil layers in a twolayered slope in diverting infiltrating water before breakthrough occurs when the system is subjected to different hydrological conditions.
2.0 MATERIAL AND METHODS
Infiltration of rainwater into unsaturated residual soil slope eventually eliminates matric suction and consequently the apparent shear strength provided by the matric suction which can trigger slope failure. Gravelly materials classified as uniformly graded gravel (GPu) were used to study the influence of transport layer in diverting the infiltrated water in a two-layered slope. The two-layered slope consists of Grade V (completely weathered rock) and Grade VI (residual soil) according to the six-grade rock weathering classification of International Society for Rock Mechanics, ISRM [41] ; the materials are classified as silty gravel of high plasticity (GMH) and sandy silt of high plasticity (MHS) using British Standard Soil Classification System. These materials are used and modelled as a two-layered soil slope with transport layer using a finite element commercial software; Seep/W [42] . The soil input parameters used in modeling the two-layered slope and the slope geometry were obtained from a Balai Cerapan slope ( Figure 1 ). It is a sloping site located between latitude 1°34'11"N and Longitude 103°38'40"E within Johor Bahru campus of Universiti Teknologi Malaysia. From the appearance and geometry of the slope, it appeared to be a uniform cut slope with approximate slope angle of 21°. The height and length of the slope are approximately 17 m and 47 m, respectively. To determine the required soil input parameters; representative soil samples were collected for laboratory soil testing. Grade VI residual soil sample was obtained from the first 0.5 m depth from the ground surface and Grade V was obtained from 0.5 m to 1.5 m depth. These soil samples were then subjected to various laboratory tests for the determination of indexes, engineering and hydraulic properties.
The index tests conducted include particle size distribution, atterberg limits and specific gravity tests. These tests were conducted based on recommended procedures outlined in BS 1337: Part 2 [43] . The engineering property tests conducted include compaction, shear strength and permeability tests. The compaction test was conducted based on recommended procedures outlined in BS 1337: Part 4 to determine the maximum dry density and optimum moisture content of the samples. Consolidated Isotropic Undrained (CIU) triaxial test and shear box tests were also conducted on these soil materials to determine the total and effective shear strength characteristics of the soils based on recommended procedures outlined in BS 1337: Part 8 and part 7, respectively. To determine the saturated coefficient of permeability of the materials, standard and modified constanthead and falling head permeability tests were used. The constanthead permeability test was carried out to determine ksat for the gravel based on recommended procedure outlined in BS 1337: Part 5. The procedure outlined by Head and Epps [44] was used to determine ksat of the fine-grained soil materials (Grade VI) using falling-head permeability test. While the modified constant head test was employed for the coarse-grained (Grade V) soils. The important hydraulic properties of the materials are the SWCC and unsaturated hydraulic conductivity. The SWCC was obtained using pressure plate test conducted with pressure plate equipment using recommended procedure outlined in ASTM: D6836-02 ASTM [45] . The unsaturated hydraulic conductivity functions of these materials were estimated from their SWCCs using van Genuchten [46] method, as recommended by Leong and Rahardjo [47] .
The summary of the basic and hydraulic material properties obtained from the laboratory tests are presented in Tables 1 and 2 , respectively. Similarly, the grain-size distribution, the SWCC and the hydraulic conductivity functions of these materials are also presented in Figures 2, 3 and 4, respectively.
The breakthrough suction used in this study was determined using the method outlined by Parent and Cabral [31] and Ross [29] . It is taken as the suction at the intersection of the soil hydraulic conductivity curves. As shown in Figure 4 ; the breakthrough suction for the sandy silt -silty gravel and gravelsilty gravel are 4.5 kPa and 1.5 kPa, respectively.
The typical soil arrangement of Balai Cerapan slope is in such a way that the grade VI residual soil existed on top of the grade V of completely weathered rock. This typical soil arrangement (shown in Figure 5 ) was obtained from Kassim [48] and it conformed to the typical weathering classification as reported by Little [49] . 
Numerical Modelling
The numerical modeling was carried out using SEEP/W [42] with the input of the basic and the hydraulic properties of the tested soil materials. The simplified slope model geometry as presented in Figure 6 consists of horizontal length of 30 m inclined at an angle of 21°. The modelled sloping length was shorter than the actual length of the slope at Balai Cerapan (i.e. 47 m) but this length is deemed to minimize the boundary effect as suggested by Kassim [48] . Due to the inherent weathering processes as a result of high temperature and intense rainfall intensity; the thickness of grade VI residual soil is small compared to other layers; therefore 0.3 m was modelled as the thickness of top grade VI residual soil. This assumption was supported by data obtained from previous study in the study area by Kassim [48] and Lee [50] . The gravel layer as transport (unsaturated drainage) layer was modelled in between the grade V and grade VI residual soil interface for the purpose of water diversion before breakthrough into the second layer of the two-layered slope. The thickness of this layer was considered as 0.1 to 0.2 m. While the silty gravel, was modelled as 0.3 m thick below the transport layer to complete the capillary barrier system. Similarly, a soil underlying the silty gravel was also assumed to be of the same material properties with the silty gravel.
The seepage model comprised of 4794 nodes and 4646 quadrilateral mesh elements to simulate the two-layered slope. Figure 6 . The left and right edges above the water table were specified as a no flow boundaries (Q = 0), while the edges below the water table were assigned as head boundaries with pressure head equal to the vertical distance from the datum to the water table. These boundary conditions enhance the lateral flow to occur within the saturated/unsaturated zone. Finally, the top boundary was modelled as flux boundary with applied flux equal to the rainfall intensity.
Prior to the transient seepage analysis; several analyses were conducted to simulate the initial conditions of the soil prior to the rainfall event. The analyses were stopped when the suction values obtained is approximately equal to the value of suction at residual water content of the SWCC. This assumption was supported by other studies such as Gofar and Lee [51] ; Kassim, [48] ; Lee et al. [52] ; Lee [50] and [53] .
The complete sysem was then subjected to three different rainfall intensities of 9 mm/h, 22 mm/h and 36 mm/h designated as rainfall 1, rainfall 2 and rainfall 3, respectively. The duration of the rainfall events were restricted to 24 hours, however, the analyses periods was extended to 48 hours so as to observe the effect of infiltrating water after a particular rainfall event. Similar rainfall intensities were used by Li, et al. [16] and Rahardjo et al. [54] to study the effect of cover with capillary barrier effect in South China and the effects of groundwater table position and soil properties on stability of slope during rainfall respectively. The numerical modeling carried out in this study was parted into six different schemes (Scheme 1 to Scheme 6) as presented in Table 3 . The thickness of the transport layer was restricted to 0.1 m throughout these schemes of the numerical modeling. However, to study the effect of the transport layer thickness on suction distribution; the thickness of the transport layer was later changed to 0.2 m in separate analyses. Hence, the obtained result was compared to that of 0.1 m thickness transport layer. 
3.0 RESULTS AND DISCUSSIONS
The results obtained from this study were presented in terms of pore water pressure (kPa) and time (hour) to obtain the approximate time at which breakthrough occurs in the system. This enables the performance of the two-layered slope with transport layer to be directly assessed. Three different locations (i.e. the crest, the middle and the toe of the slope) were chosen to investigate the pore water pressure distribution in the system.
Transient Suction Distribution For Scheme 1 And Scheme 2
The changes of the pore water pressure with time due to Scheme 1 and Scheme 2 at the interface of the crest, middle and toe of the two-layered slope are shown in Figure 7 . The patterns of changes of the pore water pressure at these selected positions in a twolayered slope with and without transport layer are completely different. In a two-layered slope without additional transport layer in between the grade V and grade VI residual soil the pore water pressure increases quickly at the initial stage of the rainfall and the suction at the interface of the two soil layers reaches breakthrough suction at approximately two different time intervals with the pore water pressure at the middle and the toe of the slope reaching breakthrough suction at the same time, while the pore water pressure at near the crest of the slope reaching the breakthrough suction at different time. This occurred at 13th hour at the crest and 7th hour at the middle and the toe of the modelled slope. This shows that the infiltrating water accumulates above the interface of the two-layered slope for short period of time before the occurrence of breakthrough. This happened as a result of small variation in particle sizes between the two soil layers which results in small contrast in the hydraulic conductivity function of the two soil layers. As shown in Table 1 , the saturated hydraulic conductivity between the two soil layers only varies within one order of magnitude. After the 24 hour rainfall duration the pore water pressure start to recover but at very slow pace in fact there was continuous movement of infiltrating water downward for more than 3 hours after the elapse of 24 hours rainfall duration. The pore water pressure at the crest of the slope falls below the breakthrough suction 12 hours after the rainfall have stopped. However due to significant inflow that occurred at the middle and near the toe of the slope the pore water pressure only approaches the breakthrough suction at the end of the analyses period (i.e. 48 hours). The lag in time at which breakthrough occurred between the selected positions indicates that the infiltrating water moves from crest to the toe of the slope as a result of difference in elevation in the two-layered slope model.
In a two layered slope with additional transport layer in between the two soil layers, the pore water pressure was maintained at near the crest of the slope throughout the rainfall duration and analyses period which indicates that the infiltrating water was retained in the grade VI residual soil by capillary forces and flow above the interface of the transport layer and grave V silty gravel layer. This happens as a result of high capillary break developed between grade VI and gravel layer due to large particle size contrast between the two layers. Similarly, at breakthrough matric suction (i.e. 4.5 kPa); the difference between k of gravel (i.e. 10 -10 m/s) and k of grade V (i.e. 10 -6 m/s) was about 4 orders of magnitude.
Unlike in the case of two-layered slope without additional transport layer (scheme 1); the variation in the pore water pressure in the middle and the toe of the slope are completely different. At the middle of the slope the pore water pressure was maintained for 16 hours from the beginning of the rainfall event. The sudden decrease in suction at the middle of the slope below the breakthrough suction is anticipated because the system was able to successfully divert the infiltrating water which flows through the transport layer and the amount of water diverted increases from the crest towards the toe of the slope. The suction at these points redistributes and falls below the breakthrough suction instantaneously before the end of 24 hours rainfall duration; which really implies the temporary nature of the initial breakthrough that occurred.
At the toe of the slope the pore water pressure was also maintained for approximately 10 hours from the beginning of the rainfall event before the sudden drop in suction below breakthrough suction and up to a positive value of 7 kPa. This is anticipated because the infiltrating water was successfully diverted and flow above the interface. Even though this indicates breakthrough occurrence but it occurred as a result of diverted water that accumulates at the toe of the modelled two-layered slope before it drains out from the right-hand boundary. The drainage of water allows the pore water pressure to redistribute and fall below the breakthrough suction. This clearly shows a significant improvement compared to the system without transport layer.
The direction of water movement in the two systems is shown in Fig. 8 . It can be seen that the infiltrating water instantly moves downward and breakthrough the interface of the two soil layers in the two-layered slope without transport layer (Fig. 8a) . However when the transport layer was included in between the upper sandy silt and the lower silty gravel soil layers of the twolayered modelled slope; the infiltrating water was diverted along the interface (Fig. 8b) and a lateral flow appears above the interface of the transport layer and the silty gravel layer. 
Transient Suction Distribution For Scheme 3 And Scheme 4
The changes in the pore water pressure for scheme 3 and scheme 4 at the three chosen positions (crest, middle and toe) are shown in Figure 9 . In a two-layered slope without the additional transport layer, the variation of pore water pressure in scheme 3 was nearly similar to that of scheme 1. The major difference was the time at which the pore water pressure redistributes and fall below the breakthrough suction after the rainfall have stopped. Unlike in rainfall 1 the suction redistributes and falls below the breakthrough suction 6 hours after the rainfall duration (i.e. 24 hour) in the crest and 13 hours after the rainfall in the middle and the toe of the slope. Similarly when the transport layer was included in the two-layered modelled slope the variation of the pore water pressure is also similar to that of scheme 2. However, the positive pore water pressure value at the toe of the slope is approximately twice that of scheme 2 which signifies that higher amount of water was diverted in the system due to higher rainfall intensity compared to rainfall 1 and the infiltrating water was also successfully diverted above the interface and accumulates at the toe of the slope than as in scheme 2.
(a) (b) Figure 9 Variation of pore water pressure with time along the interface of the systems for scheme 2 (a) Without transport layer (b) with transport layer
Transient Suction Distribution For Scheme 5 And Scheme 6
The changes in the pore water pressure for scheme 5 and scheme 6 at the three chosen positions (crest, middle and toe) are shown in Figure 10 . The changes in pore water pressure with time in a two-layered slope without additional transport layer for scheme 5 is similar to that of scheme 3 without any difference. The redistribution of suction also occurred at the same time as that scheme 3. However, when the additional transport layer was included in the two-layered slope the pore water pressure was maintained below breakthrough suction at the crest and middle of the slope. The positive pore water pressure at the toe of the slope increases significantly compared to scheme 4, in fact, it is almost three times that of scheme 4, which clearly shows that more water was diverted above the interface because in the increase in the amount of rainfall intensity in rainfall 3 than rainfall 2 and 1and the diverted water accumulates at the toe of the slope more in scheme 6 than in scheme 4 and scheme 2. 
Effect Of Transport Layer Thickness On Transient Suction Distribution
To evaluate the effect of transport layer thickness on suction distribution, the thickness of the additional transport layer in the simulated two-layered slope model was increased to 0.2 m and the changes in the pore water pressure distribution with time for the three rainfalls (rainfall 1, rainfall 2 and rainfall 3) were determined. Figure 11 shows the variation of pore water pressure at the crest, middle and toe of the modelled slope due the three rainfall intensities considered in this study. The pore water pressure at the crest of the slope is maintained throughout the rainfall durations and analyses period for all the three rainfalls considered. This shows that the infiltrating water is successfully stored in the sandy silt residual soil and was later diverted above the interface of the soil layers. However, there is variation in the pore water pressure distribution at the middle and the toe of the slope for all the three rainfalls. As explained by Ross [29] the volume of water moving laterally increases in the down-dip direction as additional infiltration is diverted by the barrier. Therefore these variations in the pore water pressure at the middle and the toe of the slope is as a result of the increase in the volume of water diverted laterally. The pore water pressure at the middle and the toe of the slope were maintained throughout rainfall duration which shows that the maximum diversion was achieved with 0.2 m thickness of the additional transport layer. The transport layer is about 10 times coarser than the overlying layer ( Figure 2 ).
This findings are in accordance with results obtained by Smesrud and Selker [55] which explained that when the underlying coarse material is 2.5 times coarser than the overlying fine material; 80% of the maximum diversion can be achieve and 90% can be achieved with coarse material which are 5 times coarser than the overlying fine material. 
Comparison Of Suction Distribution Due To Transport Layer Thickness
The changes in the pore water pressure due to 0.1 m thick transport layer were compared to that of 0.2 m transport layer thickness as shown in Figure 12 . To clearly explain the difference between the two thicknesses of the transport layer, the data shown in Table 3 were extracted from Figure 12 . Variation in time to reach breakthrough suction at the crest, middle and toe of the slope were shown in Table 3 . The pore water pressure does not attain the breakthrough suction at the crest of the simulated slope model for both 0.1 m and 0.2 m transport layer thickness. However, the time to reach breakthrough suction for 0.1 m and 0.2 m transport layer thicknesses increases with the increase in rainfall intensity which clearly shows a significant improvement. But at the toe of the slope the time to reach breakthrough suction decreases with increase in rainfall infiltration because as rainfall increase more water is diverted above the interface which later accumulates at the toe of the slope which resulted in total elimination of the matric suction at the toe of the slope. 
Discussions
For a system of soils to work on the principle of capillary barrier effect there must be a contrast in the particle sizes between the two soil systems which eventually develops a capillary break at their interface and impedes breakthrough occurrence. The variation in particle sizes between the two soil layers results in different hydraulic conductivity between the soil layers. The more the contrast in the particle sizes the higher the variation in the hydraulic conductivity function and the higher the capillary break at the interface of the soil layers. The performance of a capillary barrier system is significantly affected with continuous water infiltration into the system, especially during wet period when the soil condition is initially wet. This results in breakthrough occurrence which can trigger rainfall-induced slope failure. Inclusions of transport layer of coarser material assist in diverting the infiltrating water above the interface and transport it towards the toe of the slope. The thickness of transport layer play significant role in impeding breakthrough occurrence as shown in section 3.4 and section 3.5.
4.0 CONCLUSIONS
This numerical study was conducted to investigate the performance of transport layer constructed in between a twolayered residual soil slope in diverting the infiltrating water before breakthrough occurrence. The system was subjected to three different rainfall intensities of 9 mm/h, 22 mm/h and 36 mm/h for a total duration of 24 hour while the analyses periods were extended to 48 hour to observe the process of suction redistribution after the rainfall duration elapsed. Based on the outcome of the study; the following conclusions can be drawn from the study.
(1) Capillary barrier effect exists in a two-layered residual soil slope consisting of grade V and grade VI residual soil. The weathering processes in the residual slope profile resulted in very fine material of shallow depth to be form above coarser material. However, this capillary barrier effect ceases within short period of time due to rainfall infiltration in the system as a result of small particle size contrast between the two soil layers.
(2) For all the three rainfall intensities and duration considered the infiltrating water was successfully diverted and flow above the interface in the downdip direction when a transport layer is included. However, the results show that the diversion length of the system may be less than 15 m because a temporary breakthrough occurs at the middle of the slope, even though the suction was redistributed later before the end of the rainfall duration.
(3) Higher capillary break is developed between the gravel and sandy silt layer which results in water diversion along the interface of the system and the higher the rainfall intensity the more water is diverted from the system before breakthrough occurs.
(4) The changes in suction is faster in the system without transport layer due accumulation of much water at the interface of the two soil layers and in the fine-grained layer before breakthrough occurs.
(5) Increase in thickness of transport layer increases the water diversion of the system as noticed when the thickness of the transport layer was increased from 0.1 m to 0.2 m.
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